All materials and chemicals were used as acquired without further purification. Firstly, 0.15g sodium oleate was dissolved in 20 ml hot ethylene glycol with strong stirring for 10 min. Then 210 mg bismuth nitrate and 50 mg sodium molybdate were quickly added into above solution, respectively. After stirring for about 35 min, 60 ml absolute ethyl alcohol was slowly injected into above mixed solution and still stirring for 40 min. Finally, the mixture was transferred into a 100 ml Teflon-lined autoclave, sealed and heated at 160 o C for 36 h. The product was allowed to cool down to room temperature naturally, and the resultant sample was obtained by centrifugally separated, washed with cyclohexane and absolute ethanol many times, and dried under vacuum condition. The production sample marked as B-Bi 2 MoO 6 .
stirring for 10 min. 0.5 mmol of Na 2 MoO 4 ·2H 2 O were dissolved in 20 ml of deionized H 2 O and marked as solution B. When solution A and B became clear, the two solutions were mixed and stirred for 2 h until the resulting mixture became homogeneous. Then, the homogeneous suspension was sealed in a 50 mL Teflon-lined autoclave, sealed and heated at 180 °C for 4 h and then cooled to room temperature naturally.
The precipitate was collected by centrifugation with deionized water and ethanol and the product was dried at 60°C under vacuum for 4 h. The obtained sample marked as C--Bi 2 MoO 6 . In addition, the contrasted samples were synthesized. 1 They were labeled as Bi 2 MoO 6 -01, Bi 2 MoO 6 -02, Bi 2 MoO 6 -03 and Bi 2 MoO 6 -04, respectively.
Synthetic mechanism:
In the reaction process, the introduction of oleate ions could insure that the ultrathin subunits were generated. Before the solvent heat reaction, the oleate ions and dissociated Bi 3+ ions in solution rapidly generate the ultrathin Bi-oleate nanosheet complex compound through complexation on which oleate ions are absorbed to reduce the surface energy and promote the formation of an ultrathin structure. 2 Then, the solvent effect from the ethylene glycol/ethanol mixed solution can regulate the self-assembly of the mesoporous hollow structure through a dissolution-recrystallization process (if using water as the solvent, we only fabricate ultrathin Bi 2 MoO 6 nanosheets). 3 hollow micronbox tructural could prove the importance of these structural features for high-activity photocatalytic property. Particularly, the as-prepared photocatalyst with robust light absorption ability, efficient charge separation and transmission, a broadened optical window and abundant surface active sites are ascribed to the novel hierarchical hollow structure and ultrathin subunits simultaneously.
Thereby, the remarkable enhancement of the photocatalytic Nitrogen fixation and dye degradation performance was given in this work. The light source for photocatalytic reaction was a 300 W Xe lamp (PLS-SXE 300, Beijing Perfect Light Co., Ltd). And photocatalytic activities of as-prepared samples were determined by measuring the degradation rate of Rhodamine B dye under visible light irradation and simulated sunlight. We used a cut off filter λ>420 nm to obtain Visible light.
Subsequently, 20 mg the sample was dispersed in 50 mL RhB solution (10 mg/L) by sonication for 5 min. Then, solutions were stirred for 30 min in dark for adsorption-desorption equilibrium. In the end, the reaction solution was illuminated using different light sources for degradation of RhB at room temperature naturally. At the given 20 min time intervals, 4 mL suspension was collected and catalyst was separated by centrifuge. Degradation of RhB was monitored by using a UV-visible spectrophotometer. The RhB concentration is marked C after light irradiation for a certain period of time, and C 0 is the fundamental concentration of RhB at adsorption/ desorption equilibrium in dark. 4 
Measurement photocatalytic nitrogen fixation performance.
All the photocatalytic nitrogen reduction experiments were conducted at room temperature; and, under simulated sunlight irradiation. The light source is a 300 W Xe lamp (PLS-SXE 300, Beijing Perfect Light Co., Ltd). For nitrogen reduction, first, 20 mg as-prepared catalysts were added into 100 ml ultrapure water in a reactor, which was equipped with water circulation. The mixture solution was continuously stirred in the dark with high-purity N 2 bubbled at a flow rate of 50 mL·min-1 for 30 min, subsequent turn on the light and 5 mL of reaction solution was taken out from the reaction in every 30 min and further removing the photocatalyst by using the 0.22 μm filter and the obtained solution was was monitored by Nessler's colorimetry with the UV-vis spectrometer at 420 nm. 5 The monochromatic lightirradiation was obtained by using different band pass filter (380 nm, 420 nm, 450 nm, 475nm, 520nm, 550nm, 600nm and 650nm); and, the total light intensity was measured by optical power meter((Beijing Normal where Na is Avogadro's constant; M NH3 is the mole number of generated NH 3 ; P is the optical density; S is the light irradiation area; t is the light irradiation time; λ is wavelength of monochromatic light; h is the Planck's constant; and c is the speed of light. IPCE(λ) = 1240j(λ)/E(λ)λ*100 where λ, j and E are the wavelength (nm), the photocurrent density, and the incident power of the monochromatic light, respectively. The photocurrent density (j) was determined by measuring current versus time at a constant potential (1.0 V SCE) and E was investigated with a photometer.
Material characterization
SEM: images were taken using a field-emission scanning electron microscope (JSM-7800F, JEOL).
TEM:
The TEM analyses were performed by a JEOL JEM-2100F transmission electron microscope. Light absorption property was evaluated by UV-vis diffuse reectance spectra (UV-vis DRS, CARY 100&300, VARIAN), BaSO4 was used as a reectance standard.
XRD:
The crystallinity and the purity of the as-prepared samples were characterized by powder X-ray diffraction (XRD) analysis on a Shimadzu XRD-6100 diffractometer at 40 kV and 40 mA with Cu-Ka radiation.
XPS:
Data were recorded at a scan rate of 0.07 s1 in the 2 theta range 10-70°. X-ray photoelectron spectroscopy (XPS) measurements were taken with a Thermo VG ESCALAB-250 system with Al-Ka and Mg-Ka source operated at 15 kV.
UV-vis DRS: Light absorption properties were evaluated using UVvis diffuse reflectance spectra (UV-vis DRS, CARY 100&300, VARIAN), and
BaSO4 was used as a rectance standard.
PL:
The PL spectra of the photocatalysts were analysed using a Hitachi F-7000 fluorescence spectrophotometer.
BET:
The N2-sorption measurements were performed by using a Micromeritics Tristar 3000 at 77 K, and the pore size distribution was estimated using the Barrett-Joyner-Halenda (BJH) method. It seen that the morphology of both B-Bi 2 MoO 6 and C-Bi 2 MoO 6 samples is totally different (Fig. S2) . The SEM images of the obtained C- To investigate the separation and dynamic processes of the photogenerated carriers, PL spectroscopy was conducted with 430 nm excition.
The PL spectra B-Bi 2 MoO 6 and C-Bi 2 MoO 6 exhibit a strong emission peak at around 472 nm, which is mainly assigned to the emission of the bandgap transition (Fig. S12) . 11 In particular, the emission peak intensity significantly reduced, which means the effective enhancement of the charge separation efficiency. It indicates that the B-Bi 2 MoO 6 process the lower electrons-holes recombination than the conventional C-Bi 2 MoO 6 semiconductor. higher photocatalytic activity than the C-Bi 2 MoO 6 . As shown in Fig. S14 -S15, the rate constant k was estimated from ln(C/C0) = kt, where k is the rate constant (min -1 ). 5 Moreover, the rate constant k of the B-Bi 2 MoO 6 under visible light and simulated sunlight irradiation is 0.02914 min -1 and 0.0637 min -1 , respectively, which is about 2.2 and 3.8 times higher than that of C-Bi 2 MoO 6 . (Fig. S16) .
The degradation rate of RhB still remained stable after reusing it for four cycles, indicating that B-Bi 2 MoO 6 exhibited quite a good stability in the photocatalytic reaction process. 
